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&0/ f : type ...; y : clock ...
*213*4%35 e,h ...
645.7453* s : type ...; x : clock ...






















































































































































































































	 R: bool; Y:clock;

marche , arret, fuite;
 s :[0,2]; x: clock;
 s=0 & R=vrai |- marche -> s:=1, x:=0;
s=1 & x=100|- arret -> s:=2;
s!=2 |- fuite -> s:=2, x:=101;
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 s :[0,1]; x: clock;
ﬀ s=0 & x<=20 |- e -> s:=1;
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 s=1 => R=1;
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z^jB|
Q#¶.º3¶e¸Kº3¶
MHI¶>LMK?»º3¶1JKAa¹*MHI¶RQ? Ä¶i¹¶%H<¸ﬁ¶¯¶%H_º»¹e¶ $ !a¹&$!M¾¶ $!.¸AD$Á¶ QO MH&¹X¶





 res : [0,2]; z,t:clock;
 marche,vide ﬀ > time, ok, chgt
ﬂﬁﬃ R1, R2 : Reservoir;
 !
res=0 & R1.Y < 90 & t=R1.Y & z=10 |- ok -> z:=0;
res=0 & R1.Y >= 90 |- chgt -> res:=1;
|- marche ->;
res <2 & (R1.Y!=t | R1.Y>=100) & (R2.Y!= t | R2.Y>=100) |- vide -> res:=2
"!#
<marche, R1.marche?,R2.marche?> >=1 ;
$  (res=0) => (R1.R=vrai & R2.R=faux);
(res>0) => (R1.R=faux & R2.R=vrai);
&%' &%ﬂ (res=0) => (R1.Y <=100 & z<=10)
%'(%) R1.s:=0,R2.s:=0,t:=0,res:=0,R1.x:=0,R2.x:=0,z:=0
$











N  H ¶»Ä¶.ºhv¶
H ¸A# Q¶t>LMK?»º3¶L/$ !a¹L$!&MS¶S$!K¸A$*¶QO MH;¹l¶&#.¶-¹!?b¹¶













































































































































































































X?$ # A+M!?bº*QDM¸ﬃ!I J!a¹-º3¶
IT¶%H_º $!.¸;A$

































































M¹L# Q¾¶ #·HI¸-¹T!H-?# AºD?"!H




¸ﬁ¶.º+º3¶W¹¶%$BAºD?"!H>¶d&J<¹L?IT¶ $ !a¹TQa¹e¶k?UHQMK?bºJKAa¹ $Á¶
#Wi¹ ! AFQ¸A#ºh¸Q> N













































$SA?CYQ!AH(# MHB¶¸ﬃ!H.WMDM¹eAºD? !H #;? l¶iº #i¶%M$*¶






















































































































































































































&$L !DH ¸L!H(#'# Q¬¶i¹¶
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a¾¶Qb $Og%$a¹-º#©¶ Zi< < 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































q2uv2up s :[0,1]; x: clock;
uV~vlq s=0 & x<1 |- a -> ;
s=0 & x <= 2 |- b -> s:=1;































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    $ ﬁ    ﬁ  	    !




































































































































































































 "!  & != ﬁ       ,
     	    A  






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 =ﬁ    









































































































     
 (




















zVm8) f : type ...; y : analog ...
p'}p2lu e,h < g
q2uv2up s : type ...; x : analog ...








tinvariant formule(s,f) => contrainte_line´aire(x,y);













































































































































































































































































































































































































































































































	 AvaJouer : [0,2]; xa,xb: analog;
	
	
 joueurA, joueurB, stop

 AvaJouer=0 & (xa<p & xb<p) |- joueurA -> AvaJouer := 1;
AvaJouer=1 & (xa<p & xb<p) |- joueurB -> AvaJouer := 0;












 (AvaJouer<=1) => (xa <= p & xb <= p);
(AvaJouer=0) => (  dxa  =1 &  dxb  =0);
(AvaJouer=1) => (  dxa  =0 &  dxb  =1);










 o ^Mv   :uAr v
q
r





























	^:9<;  ﬁ+ﬁ\^Y 	^:9=; ﬁﬁ\Y^
  ﬁ    ?>\\ , & ﬁﬁ\^Y ,   ﬁ  ) ?>`\\
ﬂ    
 ﬁ   A A  ﬀ ﬁ	 &,
+   ﬁ + ﬁ    %ﬃV@; (




+# , @;ﬁ 
 # ,
'  =B ( A;ﬁ ( DC, '   A;ﬁ (  !=,
&A@; ,






3IK["ﬃhJZTW[`J ?<V:3 [Gﬀ`JHLMNPXZLMagIKV^Xy1QL IKI&#LMNPOL51fIﬁﬀ	I %["ﬃIeX1ﬀ	TWV`R1JcIKReO>=`IKVYX/R6`LgRe[`VIﬀ	IKJ3RUTWV3ﬀ`OQXZOfTWV`J
ﬀ|cI%#gT 1Q[	XZOQTWV87 8.1fTgNPJ$!j1fI V:3 [3ﬀ6A+D`NPOJﬀ`IIKJ]X 1QIK`NZT"ﬀ`[`OQX'ﬀ	IKJ?ﬀ`IK["ﬃ J]TW[`J ?<V43 [3ﬀ`JIeXTWVLﬀ	TWOfXReL1QRe[1fIeN 1fIKJ
RUTWV3ﬀ`OQXZOfTWV`J-ﬀ|cI%#gT 1Q[	XZOQTWVIKV#R6LgiY[	I1RUTWV=`aW[	NPLMXZOQTWVMﬀ	I RUIbV:3 [GﬀH6@+D`NPOJﬀ	I&6`R76`LgiY[`IN#LMN(OQL51fI_RUTWVYXZOQVY[`I JZ[`OfX
1QLy1fTWO ﬀ|CcI%#gT 1[	XZOfTWVJPLMXZOQJ] LgOQJZLgVYXX]TW[	X]IKJj1QIKJ RUTWV3ﬀ`OfXZOQTWV`J2ﬀ|CcI%#gT 1Q[	XZOfTWVJcIKReO>=cIeIKJPﬀ`LgV`J R76`LgiY[`ISV:3 [3ﬀ 6@+D`NPOJﬀ	I7
9 

















s Lg["ﬃ ! #\NPLgO«  Lg["ﬃ












«jV|}L ﬀIeX_Lg[`Re[`V	I&ﬀdcIeNPO # cIeITW[`N.1QL?#MLMNPOQL51fI ﬀ	I %["ﬃ
.





/LgV`J 8.1fXZLSOQReL"!   OI$ﬀ 8.1fXZLSOReLIeX ﬂ+@`N(OJﬀ 8.1fXZLSOReL"!TWV JZ[OGTWJZI1i\[|}[`V	I)#LMNPOL51fI)ﬀ`I&%[Oﬃ V| IKJ]X
 ~TWJZJ\cI$ﬀcIeI ﬀLgV`J 1fI_J]IKV`JsTWV`RUXZOfTWV1QOQVcIKLgOfNZI1ﬀ	IKJ #MLMNPOQL5ﬁ1fIKJRUTWV^XZOQV\[	IKJHﬀ|CcIeXZLMXZJ'«9i\[	I1LMN [`VJ]IK[1V43 [3ﬀIeX
IKJ]XS[V`OQi\[	IKIKVYX61OQJZO 1QI LMN 1QIKJ V:3 [3ﬀJi\[`O81QL&#gTWOQX
7$jV`IbT"ﬀdcIR1QOQJZLMXZOfTWVLMX]X]IKVGﬀ`[	I IKJ]X 1QLJZ[`O #MLgVYX]I6
7 3 [Gﬀ
 ﬁ    
8




	^:9 ;  ﬁ+ﬁYYY,
  ﬁ   &  ﬁﬁ\Y^,


























) .#EG@ % 'CHﬁ- .
7jTW[`J9Iﬃ"`NPOQmTWV`J lL)N\cIKJ]IKV^X 1QL JYcIKmLgV^XZOiY[	I)ﬀ|}[`V RUTW~TWJZLgVYX  +D`NPOJﬀ 8.1fXZLSOReLl7
jI IKmIbiY[`INﬀ`LgV`J
  OQmI$ﬀ 8.1fXZLSOReL"!TWVIﬀcI =VOfX ﬀ|}L5TgNﬀ sTgNPIR1 1QIKIKV^Xz1QLJ+kV^XZL,ﬃkI 6~[VhRUTW~TWJZLgVYX_RUTgNZNZIKJ~TWV3ﬀ lL[`V Lg[1?
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































GL#JYcIKmLgVYXZOQiY[`I?ﬀ|}[`V!RUTW~TWJZLgV^XA+D`NPO ﬀ	I IKJ]X Iﬃ"`NPOQ cIeI?LMNb[`VŁ}3IeXbLgJZJ]TkReOfI ﬀ	IKJﬁ#L1QIK[	NPJ Lg["ﬃ



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































V V|}L JcIKReOLKcI Lg[`Re[`V	I/RUTWV3ﬀ`OfXZOQTWV?ﬀ|cI%#gT 1Q[`XZOfTWVJZ[	Ng1fIKJP#MLMNPOQL51fIKJPﬀ	INM["ﬃReLMN9IR1q1fIKJJ]TWV^X-ﬀcI$ﬀ`[OfX]IKJ ﬀ	IKJ
OQV@#LMN(OQLgV^XZJ%X]IK~TgNZIR1QJ




~TW[O#gTWOfN9OQﬁ1QLgV^X]IeN [V	I/#LMNPOL51fI/ﬀ	I4M["ﬃRQ L53LMNPX]IKV`LgV^X1lL[VRUTW~TWJZLgV^X@+D`NPOJﬀ	I !kRM| IKJ]X#E lLQE ﬀ`OQNZIbi\[| IR1 1fI
V| IKJ]X LgJ J]IK[1QIKIKV^X9IKV1fIKRUXZ[	NZI !`IKJZXSiY[`I
U




























































































































L1fTgNPJ<Q ~IK[	X3TWJZReO 1 1fIeN/V|}OQ'TgNPX]I1i\[`LgV3ﬀ
IKVYX]NZIbRUIKJSX]NZTWOQJ-#ML1fIK[	N(JIeX Q V| IKJ]X-LgJﬂﬀdcIeNPO #ML51fI7
































































































































































































































 , v :uAr v
q
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 !x1QLd1QTWO ﬀ|cI%#gT 1Q[	XZOQTWV ﬀ`IKJﬁ#MLQE
NPOQL5ﬁ1fIKJjRUTWVYXZOQV\[	IKJNﬀ|cIeXZLMXZJ1V|}OQVYX]IeN









7 !jImIKmI !IKV ReLgJ













7 QIKJ]X [`V`I?sTWV`RUXZOfTWV!RUTWV^XZOQV\[	ImL0/V`ILMN TgNPRUIKLg["ﬃ IeXbRUTWVYXZOQV\[	IhlLMﬀ	NZTWOfX]I sTWV`RUXZOfTWV ﬀ`IKJ/#LMNPOL51fIKJ
RUTWVYXZOQV\[	IKJ ﬀ|CcIeXZLMX




~TW[	N9RUIeNZXZLgOV	IKJ #LMN(OQL51fIKJRUTWV^XZOVY[	IKJ$! Q ﬀ	TWOfX IeX]NZIbOQVGﬀdcI%IKVGﬀ`LgV^X]IKJ ﬀ	I/RUIKJ-#MLMNPOQL51QIKJdIKV RUIKJ RUTWV K`aW[E
N(LMXZOfTWV`J
7















































































































































































































































































. ﬀ9r f : type ...; y : analog ...
9='& e, h < g
%'&4('& s : type ...; x : analog ...
%9s , C: Composant; ...








(% %'9? & formule(s,f,C.f);
&ﬁI[ =4(ﬃ?ﬁI9([& formule(s,f,C.f) => contrainte_line´aire(x,y,C.y);































































































































































































%[&4(ﬃ&1 *¶x9. ﬀxuÏ 6
ﬃ=ﬃ&Aﬂ
&9?4('@%"14EﬃF9ﬂ.ﬃ&( B C"ﬂAC9E"1 *GF O06
%s ,`Ð<*Ñ ?9,@I'&9?ÍÎ 6#Ò$#W/DÒﬁZ0/DÒ\H/DÒÓ *Ôﬁ(Õs9&76
%9w9ÖxNﬃﬂ7/QÐ\×Ø ﬀss?±Ñ7/#Ò$#F×Ø ﬀs4±Ù0/ÒﬁZT×Ø9ﬀs4Ù0/Ò\B×Ø ﬀsÙ0/ŁÒÓB×Ø ﬀs4±Ù E F)#$6
Nﬃﬂ7/ŁÐ\×mØ ﬀs4s ?Î /#Ò$#]×Ø9ﬀs4Ù0/Ò4ZT×Ø ﬀsÙ0/#Ò4\B×Ø9ﬀs4Ù0/QÒÓO×Ø ﬀ9s4Ù E>F #$6
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬁﬀﬃﬂ "!ﬁﬀ9s ﬂ@Íﬃ? x'?ﬁI'&
%'&(ﬃ&D!$#]× 1 * ('4( . ﬀﬃ576 !W#]× %/2!4ZT× % *-,4ﬀ ﬀ .06
9= ﬃ&!$#]× H/2!ﬁZT× 
& ?('@%L!$#]× % B CU!W#]×G>C E!$#]× %0* F
8
( .%'H6









!ﬁZT× % BCL!ﬁZT×GC EA%0*GFL& ?s4
&ﬁIJ=4(ﬃ?ﬁIﬃ('&A!$#]× %LFEXﬃﬂ 1Y9FZ06
T




























































































































































































































Î ,½ÄÃÉÀ43,ÂËÈZÀ¾#¿ ÀÔQÔQ½ËÂ., QÇ#ÌsÃ
È _}Ô7Î·ÊÔÊ¾¼ÂÄÃ·ÂËÊÌ b®Ô0À¥Á¥ÇkÓÖ






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































%'&(ﬃ&)%+*>= OH/ #?H6	13*	('4( . ﬀﬃ576
9= ﬃ&>
& ?('@%A%ﬃF O<B C"AC9E%0*GF@#$6
%ﬃF# B C"C EA%*GF OH6
&ﬁIJ=4(ﬃ?ﬁIﬃ('&<M%ﬃF OﬁQUFE M X'ﬂ 14YN9FÓR>Xﬃﬂ 1Y E9F O@Q$6







/ﬃ$+! [ﬀﬃﬂ ﬁ $  !# $ "!$# -.#/0ﬂ $&%'! ﬀ

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− mise à plat
− relations sur le modèle
    (accessibilité, relation de bisimulation ...)
Réponse à la commande
Modèles AR
  vérifiant la propriété, BDD,
  bisimulation entre modèles ...)
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failure := Failure_R ,h:=0, Failure_R :=0,Failure_LR:=1
refresh!
h==20
failure := Failure_R ,h:=0, Failure_R :=1,Failure_LR:=1
refresh!
h==20
failure := Failure_R ,h:=0, Failure_R:=1,Failure_LR :=0
refresh!
h==20















failure := Failure_L + Failure_R ,h:=0, Failure_L :=0,Failure_R:=0
refresh!
h==40
failure := Failure_L + Failure_R ,h:=0, Failure_L :=1,Failure_R:=1
refresh!
h==40
failure := Failure_L + Failure_R ,h:=0, Failure_L:=1,Failure_R :=0
refresh!
h==40


































failure :=1, Failure_LR :=0
breakdown_L!  failure :=1, Failure_LR :=1
breakdown_L!
failure :=1, Failure_LR :=0
breakdown_L!
failure :=1, Failure_LR :=1
breakdown_L!
 mode ==0, Failure_LR ==0,h==20, failure ==0
h:=0, Failure_LR :=0
reset!
 mode ==0, Failure_LR ==0,h==20, failure ==0
h:=0, Failure_LR :=1
reset!
mode ==0, Failure_LR ==1,h==20, failure ==0
mode :=1,h:=0, Failure_LR:=0
start_compute!
 mode ==0, Failure_LR ==1,h==20, failure ==0
 mode :=1,h:=0, Failure_LR :=1
start_compute!
 mode ==1,h<=20,h >= 10, failure ==0
 mode :=2,h:=0, Failure_LR :=0
cmd!
 mode ==1,h<=20,h >= 10, failure ==0


































 mode ==1,h<=20,h >= 10
 mode :=2,h:=0, Failure_RLB :=0cmd!
 mode ==1,h<=20,h >= 10
 mode :=2,h:=0, Failure_RLB :=1
cmd!
 mode ==1,h<=20,h >= 10
 mode :=2,h:=0, Failure_RLB :=2
cmd!
 mode ==0, Failure_RLB <2,h==20
h:=0, Failure_RLB :=0reset!
 mode ==0, Failure_RLB <2,h==20
h:=0, Failure_RLB :=1
reset!
 mode ==0, Failure_RLB <2,h==20
h:=0, Failure_RLB :=2
reset!
 mode ==0, Failure_RLB ==2,h==20
 mode :=1,h:=0, Failure_RLB :=0
start_compute!
 mode ==0, Failure_RLB ==2,h==20
 mode :=1,h:=0, Failure_RLB :=1
start_compute!
 mode ==0, Failure_RLB ==2,h==20



























FB0_h <= 20,CLRB0_h <= 40,CLR0_h <= 20
s1
FB0_h <= 20,CLRB0_h <= 40,CLR0_h <= 20,FR0_h<= 20
s2
FB0_h <= 20,CLRB0_h <= 40,CLR0_h <= 20,FL0_h <= 20
s0
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